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Impact on America

Industrial Affiliates
Pleaselist anyindustryresearchcontactsyoumayhave

Who isusing the resultsof your research?

Haveyou developedany innovative technologies,and if so,what are they?
Wehavefoundthat by depositinganultra-thinporousfilm on theheatersurface,heattransfer
ratecanbesignificantlyenhancedunderpartialnucleateboilingconditions. Wearecurrently
trying to testthe limits of enhancement.If enhancementis foundto besufficientlyhigherthan
thatobtainedfrom theavailabletechniques,this techniquewill haveapotentialfor
commercialization.

Where have your recent graduate students found employment?

One M.S. student who was supported by the project has been employed by the electronics

industry.

Acronyms(Please list and define any acronyms associated with your oroiect)
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Task Objective

In this work a building block type of approach is used so that a basic understanding of the

processes that contribute to nucleate boiling heat fluxes under microgravity conditions can be

developed. This understanding will lead to development of a mechanistic model for nucleate

boiling heat transfer which could eventually be used as a design tool in space applications.

Task Description

Task 1." Fabrication of the Experimental Setup. Under this task, the test section and liquid

holding and viewing chambers will be fabricated. Artificial cylinder cavities will be formed on

silicon wafers. A single cavity and two or four cavities, with a prescribed spacing and size, will

be formed. The desired nucleation wall superheat will be used to determine the size of the mouth

of the cavities.

Task 2." Experiments. The basic experiments for flow and temperature field around single and

multiple (2 or 4 separated or merged bubbles growing on downward facing or inclined surfaces)

will be carried out under normal gravity conditions. The experiments will be conducted at one

atmosphere pressure, but liquid subcooting will be varied from 0 to 30°C. Water and PF-5050

will be used as test liquids.

Task 3: Analytical�Numerical Models. In this task, transient temperature and flow field in

vapor and liquid will be determined dunng growth of a single bubble. Analysis will include the

evolution of the vapor-liquid interface and development of microlayer underneath the bubbles.

For merged bubbles, detailed calculations of flow and temperature field will be carried out for

transient shapes of vapor stems supporting a large bubble and the CO_Tesponding evaporation

rate. Flow and temperature field for a bubble sliding along a heated wall will also be

determined. Microgravity conditions will be simulated and a framework of a numerical tool for

prediction of nucleate boiling heat fluxes under microgravity conditions will be developed.

Task 4: Experiments in a KC-135. To understand bubble growth and detachment behavior of

single or large merged bubbles, boiling experiments will be conducted under low gravity (10-2

g) conditions of the aircraft. In these experiments, "designed" surfaces will be used. Visual
observations and heat transfer data will be taken, but holography will not be used. The apparatus

used for laboratory experiments will also be employed for experiments in the aircraft.

Task 5. Experiments in the Space Shuttle. Effort will be devoted for defining a boiling

experiment to be conducted on a "designed" surface. The experiment will provide microgravity

data on bubble growth and departure. These data are needed for development of a credible

model for nucleate boiling heat fluxes under microgravity conditions. The heat transfer data will
also be obtained and will be used to validate the models.

Task Significance

Boiling is known to be a very efficient mode of heat transfer, and as such, it is employed in

component cooling and in various energy conversion systems. For space applications boiling is

the heat transfer mode of choice, since for a given power rating the size of a component can be

significanlty reduced. Applications of boiling can be found in the areas of thermal management,

fluid handling and control, power systems, on-orbit storage and supply systems for cryogenic
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propellantsand life supportfluids, cooling of electronicpackagesfor powersystemsassociated
with variousinstrumentationandcontrolsystems,andvariousprocessesassociatedwith ISRU.

Task Progress
Experiments and numerical simulations have been performed to develop a mechanistic
understandingof nucleateboiling undermicrogravityconditions. Experimentalapparatushave
beendevelopedto conductdetailedexperimentsat earthnormalgravity andin the low gravity
environmentof the KC-135 aircraft. In the experiments,silicon wafers with pre-designed
microfabricatedcavitiesetchedin themareusedasthe testsurfaces. Several micro-heaters and

thermocouples are bonded on the backside of the heater. The power to the heaters is controlled

so that nearly constant surface temperature exists on the heater surface. Dynamics and heat

transfer associated with single and multiple bubbles have been investigated. From experiments

in the KC-[35, it is found that equivalent diameter of the merged vapor mass at departure is

smaller than that of a single bubble. This suggests that under low gravity conditions, the lift

force resulting from the liquid circulation crated during bubble merger process plays an

important role in lifting the bubble away from the surface. This finding is very significant for

developing an understanding of vapor removal under microgravity conditions. To investigate the

effect of surface wettability, two liquids - water and PF 5060 are used in the experiments.

Numerical simulations of the evolving vapor-liquid interface and the associated heat transfer and

flow dynamics have been camed out. The results from the numerical simulations of single

bubbles are found to be in very good agreement with the data. The numerical simulations

consistent with data show that bubble diameter at departure scales as inverse square root of

gravity, whereas the growth period varies inversely with the level of gravity. Recently, the two

dimensional numerical simulation tool has been expanded to three dimensions, in order to

understand the dynamics of merged bubbles.

The first design of pool boiling apparatus for experiments in the space station has been

completed. The apparatus has partly been fabricated. After completion, shakedown tests using

the new apparatus will be conducted. Software for uplink and downlink will also be developed.
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